A topological insulator (TI) is non-magnetic, carrying gapless surface electronic states topologically protected by the time-reversal symmetry (TRS) (1, 2). Many exotic quantum effects predicted for TIs, however, need the TRS to be broken by acquired magnetic order (3). A remarkable example is the quantum anomalous Hall (QAH) effect, a zero-magnetic-field quantum Hall effect that had been sought after for over two decades until it was observed in a magnetic TI with ferromagnetic (FM) order induced by magnetic dopants (3-6). The experimental realization of the QAH effect paved the road for hunting many other novel quantum effects in TRS-broken TIs, for example topological magnetoelectric (TME) effects and chiral Majorana modes (3, 8, 9) . However, magnetically doped TIs are notorious "dirty" materials for experimental studies: the randomly distributed magnetic impurities induce strong inhomogeneity in the electronic structure and magnetic properties, and the sample quality is sensitive to the details of the molecular beam epitaxy (MBE) growth conditions (10-12). Such a complicated system is often a nightmare for some delicate experiments such as those on chiral Majorana modes and topological quantum computation, and the strong inhomogeneity is believed to contribute to the extremely low temperature (usually <100 mK) required by the QAH effect (13). An ideal magnetic TI is an intrinsic one, namely a stoichiometric compound with orderly arranged and exchange-coupled magnetic atoms which features a magnetically ordered ground state, but becomes a TI when the TRS recovers above the magnetic ordering temperature. A thin film of such an intrinsic magnetic TI could be a congenital QAH insulator with homogeneous electronic and magnetic properties, and presumably higher QAH working temperature. Yet few experimental progresses were achieved in this direction in spite of several interesting theoretical proposals raised in the past years (14-16).
A topological insulator (TI) is non-magnetic, carrying gapless surface electronic states topologically protected by the time-reversal symmetry (TRS) (1, 2) . Many exotic quantum effects predicted for TIs, however, need the TRS to be broken by acquired magnetic order (3) . A remarkable example is the quantum anomalous Hall (QAH) effect, a zero-magnetic-field quantum Hall effect that had been sought after for over two decades until it was observed in a magnetic TI with ferromagnetic (FM) order induced by magnetic dopants (3) (4) (5) (6) . The experimental realization of the QAH effect paved the road for hunting many other novel quantum effects in TRS-broken TIs, for example topological magnetoelectric (TME) effects and chiral Majorana modes (3, 8, 9) . However, magnetically doped TIs are notorious "dirty" materials for experimental studies: the randomly distributed magnetic impurities induce strong inhomogeneity in the electronic structure and magnetic properties, and the sample quality is sensitive to the details of the molecular beam epitaxy (MBE) growth conditions (10) (11) (12) . Such a complicated system is often a nightmare for some delicate experiments such as those on chiral Majorana modes and topological quantum computation, and the strong inhomogeneity is believed to contribute to the extremely low temperature (usually <100 mK) required by the QAH effect (13) . An ideal magnetic TI is an intrinsic one, namely a stoichiometric compound with orderly arranged and exchange-coupled magnetic atoms which features a magnetically ordered ground state, but becomes a TI when the TRS recovers above the magnetic ordering temperature. A thin film of such an intrinsic magnetic TI could be a congenital QAH insulator with homogeneous electronic and magnetic properties, and presumably higher QAH working temperature. Yet few experimental progresses were achieved in this direction in spite of several interesting theoretical proposals raised in the past years (14) (15) (16) .
Some stoichiometric ternary tetradymite compounds, which can be considered as variants of well-studied Bi2Te3 family 3D TIs, have been found to be also 3D TIs (17) .
A simplest system is XB2T4 where X is Pb, Sn or Ge, B is Bi or Sb, and T is Te or Se.
Such a compound is a layered material with each septuple-layer (SL) composed of single atomic sheets stacking in the sequence T-B-T-X-T-B-T. If X were a magnetic element, there would be chance that XB2T4 is an intrinsic magnetic TI. A few works observed MnBi2Te(Se)4 in multi-crystalline samples, or as the second phase or surface layer of Bi2Te(Se)3, without figuring out their topological electronic properties (18) (19) (20) . Interestingly, a SL of MnBi2Te(Se)4 on Bi2Te(Se)3 was reported to be able to open a large magnetic gap at the topological surface states of the latter (20, 21) .
In this study, we found that high-quality MnBi2Te4 films can be fabricated in a SL-by-SL manner by alternate growth of 1 quintuple-layer (QL) of Bi2Te3 and 1 bilayer (BL) of MnTe with MBE. Amazingly, MnBi2Te4 films with the thickness d ≥ 2 SL show Dirac-type surface states-a characteristic of a 3D TI. Low temperature magnetic and transport measurements as well as first-principles calculations demonstrate that MnBi2Te4 is an intrinsic antiferromagnetic (AFM) TI, composed of ferromagnetic SLs with a perpendicular easy axis which are coupled antiferromagnetically between neighboring SLs. Remarkably, a thin film of such an AFM TI thin film with FM surfaces is expected to be an intrinsic QAH insulator or axion insulator depending on the film thickness.
To prepare a MnBi2Te4 film, we first grow a 1 QL Bi2Te3 film on a Si(111) or Post-annealing at the same temperature for 10 minutes is carried out to improve the crystalline quality. This leads to the formation of a SL of MnBi2Te4 (see the schematic in Fig. 1A ) (20) , as experimentally proved and theoretically explained below. Then on the MnBi2Te4 surface, we grow another QL of Bi2Te3 which is followed by deposition of another BL of MnTe and post-annealing. By repeating this procedure, we can grow a MnBi2Te4 film SL by SL in a controlled way, in principle up to any desired thickness.
The MnBi2Te4 film shows sharp 1×1 reflection high-energy electron diffraction streaks (Fig. S1 ) indicating its flat surface morphology and high crystalline quality.
The X-ray diffraction (XRD) pattern (Fig. 1B, taken Clearly the film is not dominated by long-range FM order. The M-H curves of the MnBi2Te4 films from 4 SL to 9 SL are displayed in Fig. 3E which will be analyzed below based on our theoretical results.
Next we discuss the structure, magnetism and topological electronic properties of MnBi2Te4 with the above experimental observations and our first-principles calculation results. To understand the mechanism for the formation of MnBi2Te4, we calculated the energies of a MnTe BL adsorbed on a Bi2Te3 QL (Fig. 4A left) and a MnBi2Te4 SL (Fig. 4A right) . The calculations show that the latter one has 0.51 eV/unit lower total energy and is thus energetically more stable. The result is easy to understand in terms of valence states. By assuming Te 2-, the former structure gives unstable valence states of Mn 3+ and Bi 2+ which tend to change into more stable Mn 2+ and Bi 3+ by swapping their positions. The atom-swapping induced stabilization thus explains the spontaneous formation of MnBi2Te4 with a MnTe BL grown on Bi2Te3.
We calculated the energies of different magnetic configurations of MnBi2Te4 ( Purposely tuning down the SOC strength in calculations, the gap first decreases to zero and then increases (inset of Fig. 4C ), which suggests a topological phase transition and thus the topologically non-trivial nature of the gap. Actually our calculations on the system reveal that bulk MnBi2Te4 is a 3D AFM TI with Dirac-like surface states that are gapped by the FM (001) surfaces with out-of-plane magnetization (29, 30) .
As illustrated in Fig. 4D and confirmed order, is larger in odd-SL films than in even-SL ones. Hc shows similar oscillation below 7 SL, but increases monotonously in thicker films. It is because in an AFM film with FM surfaces, the Zeeman energy in magnetic field (Ez) is only contributed by the FM surfaces and thus invariant with film thickness, while the magnetocrystalline anisotropy energy (EMCA), which is contributed by the whole film, increases with thickness and thus becomes more difficult to be overcome by Ez. Besides, as shown in the 6 SL film (Fig. 3C ) and other even-SL films, Ms in less sensitive to temperature than in odd-SL films. For a comparison, the differences between the M-H curves measured at 3 K and those measured above TC are displayed in the bottom column of The large inter-SL distance (~1.36 nm) is expected to give a weak AFM coupling between neighboring SLs which can be aligned into FM configuration in a magnetic field of several tesla (31) . We carried out a Hall measurement of a 7 SL MnBi2Te4 film with H up to 9 T. As shown in Fig. 3G (the linear background of the OHE has been subtracted from the Ryx-H loop), besides a small hysteresis loop at low field contributed by the FM surfaces, Ryx resumes growing above ~ 2 T and is saturated at a higher plateau above 5 T. The phenomenon is typical of a layered magnetic material and presumably results from an AFM-to-FM transition (see the schematic magnetic configuration shown by the blue arrows in Fig. 3G ). The FM configuration may drive the system into a magnetic Weyl semimetal phase (29, 30) .
In spite of the above evidences for an A-type AFM order of MnBi2Te4, there are still some observations which we have not yet fully understood. For example, the even-SL films show larger Ms than odd-SL ones above TC, which is particularly clear in comparing the 6 SL (Fig. 3C ) and 7 SL (Fig. 3A) data at 30 K. We also notice that overall Ms shows a maximum around 6 SL and 7 SL at 3 K, regardless of even-or odd-SLs. Another confusion is that the magnetic properties revealed by Hall effect measurements are not fully consistent with those revealed by magnetization measurements: Ryx-H loops always show larger Hc than M-H loops, and oscillatory behaviors are barely observed in the AHE data of the films of different thicknesses.
These phenomena should result from the interplays between the complex magnetic structures and topological electronic properties of the unique layered magnetic material and require a comprehensive study combing various techniques to clarify (31, 32) . Besides, we found that MnBi2Te4 films are relatively easy to decay at ambient condition: Ms of a sample decreases significantly after it is exposed in air for couple of days. This may also complicate the magnetization and magneto-transport measurement results. Finding an effective way to protect the material is crucial for the experimental investigations on this system and for the explorations of the exotic topological quantum effects in it. 
